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The effects of parathormone extract on the larval notochord of
Rana catesbeiana was studied in an attempt to determine if the noto¬
chord itself contains any potentiality for differentiating into precarti¬
lage cells. Notochords were isolated by immersing tadpole tails in a
1% ethylenediaminetetraacetic acid/0. 65% sodium chloride solution at
37. 5 C for 1 1/2-2 hr. Groups of tissue were then cultured in varying
solutions of parathormone extract and Holtfreter-dextrose media for
24, 48, and 72 hr intervals at 37. 5 C. Upon microscopical examination,
all control cultures retained their firm rod-like structure with com¬
ponents intact. There was no observed cell proliferation or degeneration.
Experimental cultures revealed an increase in peripheral cell number
and condensation of their nuclei. In addition, the experimental cultures
showed distinct areas of chondrogenic activity, beginning at the 24 hr
interval with maximum growth exhibited after 72 hr. This investi¬
gation indicated the presence of a potential within the notochord for
transformation of its cells into cartilage.
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CHAPTER I
INTRODUCTION
The role of the notochord in the formation of the vertebral axial
skeleton has been under extensive investigation by developmental biolo¬
gists. Because of its pattern of development and localization in the
vertebral axis, many have proceeded to test its inductive capacity in
connective tissue systems.
Concrete evidence on the morphological development of skeleto-
genic cells in most vertebrates indicates that the notochord is the "core"
or "fore-runner" of the axial skeleton. The key issue of such a devel¬
oping system, relative to position and function as a "fore-runner", is
whether this structure performs a function greater than that of support
or whether there is an actual cause and effect relationship that exists
between it and its surrounding environment.
Hormones have been proposed by several investigators to promote
variation and differentiation within cellular systems. Of great signifi¬
cance is their ability to "trigger" these changes. Parathormone has
been shown to be a regulatory factor of mineral ions in amphibian body
fluids. Therefore, it seems feasible that this hormone would influence
cellular changes in vitro.
In view of past and present findings, this investigation was
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specifically concerned with the potentialities that may exist within
the notochord itself for participating in the formation of the vertebral
axial skeleton. The method of determination was to expose cultured




The larval amphibian notochord has been described by Parker
(1963) as a gelatinous rod-like structure containing large vacuolated
cells that occupy the central or core of the axial skeleton in verte¬
brates. The peripheral area is composed of cells with large nuclei
that almost completely fill the cells. Surrounding these peripheral
cells is an inner fibrous sheath; external to this is an outer elastic
sheath. Gadow (1933), among others, declared that the notochord was
the ’*core'' or "foundation” of the axial skeleton. In view of this, the
notochord might reasonably be expected to participate in the develop¬
ment of axial cartilage.
This organ, analyzed by several investigators, was seen to serve
as an inducer of the precursors that are responsible for the development
of the vertebral axial skeleton. One of the earliest investigations con¬
ducted to determine the effect notochords had on their environment when
removed was that of Kitchen (1949). Using surgery at stages 14 and 17
of Amblystoma mexicanum, he showed that at the individual sclerotome
level, there was an inductive capacity shown by the notochord to stimu¬
late and localize cartilage. In most of the cases that involved notochor-
dectomy, a cartilaginous spinal column failed to develop. In fact, removal
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of the notochord expedited a fusion of the two lateral mesoderm layers
that it normally separated. Removal also interfered with elongation
of the embryo.
In view of his findings, Kitchen suggested that during normal
development, the intact notochord was responsible for stimulating
and localizing the initial form assumed by the axial cartilage. If
cartilage was produced in its absence, he attributed it to a similar
interactive capacity by cartilage itself. In essence. Kitchen appeared
to lean heavily toward the notochord as being the main source of induc¬
tive capacity and elongation of the embryos.
Holtzer and Detwiler (1953), in their work with somites from chick
embryos, also supported the notochord inducing derivatives of these
cells to differentiate into chondrocytes. In regions presumably injured
at the time of operation, the differentiation of the notochord was highly
atypical. Cartilage-like cells replaced the highly vacuolated cells of the
notochord. Where the sheaths had been ruptured, atypical cartilage¬
like cells and matrix formed idregular masses. Other instances of
cartilage being produced in the notochord was by mechanical abuse
during tail regeneration (Holtzer, Holtzer, and Avery, 1955). Whether
this proved to be a metaplastic shift into cartilage, or if pro-cartilage
cells simply invaded the area, could not be determined by the devised
experiment.
Even though much of the information thus far pointed to an
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inductive capacity exemplified by the notochord, additional research
indicated that it was not the entire notochord that contained the capa¬
city for induction, but its sheath. Holtzer (1961) found that destroying
the notochord sheath without killing the notochord resulted in loss of
inductive activity. This was supported by Avery, Chow, and Holtzer
(1955). The chondrogenic factor was found to be present in the noto¬
chordal sheath. Lash, Holtzer, and Holtzer (1957) found that there
was a difference in inductive capacity between the spinal cord and the
notochord when cultured with chick somites. The difference was that
the activity of the spinal cord was detectable by a readily transmissible
factor, whereas the activity of the notochord was more localized in its
action and possibly was dependent upon the integrity of its sheath.
Removal of the sheath did not result in cartilage formation. The trans¬
missible factor of the spinal cord was detected through mesenchymal or
muscle tissue and a millipore filter, whereas the transmissible factor
of the notochord was not.
A shift from developmental studies toward a biochemical analysis
of the inducing factor occurred with the work of Lash, Holtzer, and
Whitehouse (I960), when chondroitin sulfates A and C were extracted
from cultures of chick vertebral cartilage. They confirmed that in the
absence of an inducing agent (spinal cord or notochord), somites formed
neither cartilage nor any characteristic macromolecular constituent of
cartilage (collagen and chondroitin sulfates). Using radioactive sulfate
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on the induced cultures, acidic mucopolysaccharides were also detected.
A follow-up study of this research was conducted by Lash,
Hommes, and Zilliken (1962) in which a cold perchloric acid extract
was isolated from both spinal cord and notochord cultures of induced
somites. The extract upon purification was found to be a one nucleo¬
tide-containing component that was specific in the sense that no other
tissue or agents at that time had been found to induce the same chondro-
genic response in somites.
Since then, additional investigations have shown that the notochord
possessed inductive capabilities, but it was not the main source of
induction. Holtzer and Detwiler (1953) found that implants of spinal cord
from A. punctatum embryos, stages 23 and 24 (Harrison's series),
induced a complete vertebral column. Because of this, they concluded
that the notochord was not essential to the determination of axial carti¬
lage. However, greater amounts of cartilage were produced when
notochord grafts were present with spinal cord. The explanation given
for this action was the possibility of a synergistic inducing effect (spinal
cord and notochord) or perhaps it was an affinity that precartilage cells
had for specific sites on the surface of the notochord. Holtzer and
Detwiler strongly supported Kitchen's work in suggesting that the noto¬
chord was also implicated in elongating the embryo and that it had
important morphogenetic correlations.
In other investigations reviewed, the neural tube was shown to
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play an important role in induction. Extirpation of neural tube and
notochord in 38-58 hr chick embryos prevented vertebral cartilage
formation. Leaving only notochord produced a centrum-like mass
of vertebral cartilage from lateral halves of somites as well as
from entire somites. Transplantation experiments indicated that
notochord when placed into or lateral to a row of somites, induced
centrum-like cartilage independent of host vertebral cartilage and
that induction by one or the other was necessary before cartilage
developed from the somites (Watterson, Fowler, and Fowler, 1954).
However, Grobstein and Holtzer (1955) in their work with mouse cells
stated that by minimizing the area of contact between neural and Semi¬
tic tissue, it was possible to demonstrate that prior contact of the chon-
drifying cells with the neural fragment was not a prerequisite to the
induction process.
There have been other aprproahhes to this problem of inductive
potentialities expressed by developing cellular systems. Many investi¬
gators have established the action of hormones as inducing agents
(Wigglesworth, I960; Sonneborn, 1964). Much of the work involved
cellular growth and differentiation. According to Neuman, Firschein,
Chen, Mulryan, and Di Stefano (1956), there was a growing interest in
the possibility of a relationship existing between calcium metabolism
and parathormone. A recent review (Dixon and Perlein, 1956) empha¬
sized a strong correlation between the deposition of calcium and citrate
8
ions to vitamin D and parathormone administration.
Although parathyroid hormone has been observed to regulate min¬
eral activity, recent studies have also attempted to relate its hormonal
action on bone matrix and calcification, Heller, McLean, and Bloom
(1950) observed in investigating invertebrates an increased amount of
osteoclasts in the area of bone undergoing demineralization under the
influence of parathormone and that the hormone had some influence
upon the activity and differentiation of these cells.
Mod^ying influences of temperature and resorption of bone in
Rana catesbeiana induced by parathyroid stimulation caused an increase
in calcification and osteoclast production (Yosheder and Talmage, 1962),
Normal frogs yielded a relative osteoclast count of 10 cells (field xlOO)
while animals treated with calcium-free larvage increased this value
8-fold.
McWhinnie and Cortelyou (1967) found, contrary to the anticipated
results in bone and collagenous tissue, that treatment with parathormone
extract caused a marked increase in specific activity. Although tissue
activities were depressed following parathyroidectomy, they returned
to normal, or above, subsequent to injection with parathormone extract.
Much of the literature reviewed provided strong support for some
latent factor being present in the notochord for the differentiation of
cartilage-like cells. However, as indicated, this inducing factor was
found by some to be contained only in the notochord's sheath. By others,
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this was a matter to be questioned. The gross morphological effect
that parathormone had upon the amphibian skeletal system, as shown,
was not one of high controversy. To determine the effects this sub¬
stance would have on the system previously described, is a problem
that would require careful investigation.
CHAPTER III
MATERIALS AND METHODS
Rana catesbeiana larvae were secured from the Carolina
Biological Supply House, Burlington, North Carolina, for experi¬
mental study. The length of the specimens varied from 3. 5-6. 5 cm.
These specimens were placed in aquaria and cared for until ready for
use.
For experimental purposes, tadpole tails were excised at an
approximate length of 2. 5-4. 5 cm from the tip using a sharp razor
blade, and placed in a dissociating medium of 1% versene (ethylene-
diaminetetraacetic acid) solution with 0. 65% sodium chloride as a
solvent. The tails were immediately incubated at a temperature of
37. 5 C for a period of 1 1/2-2 hr, depending on the size of the tails.
At the termination of the incubation period, the tails were rinsed
several times in sterile Holtfreter's (Rugh, 1965) physiological saline
solution, pH 7. 8. The technique employed for excising notochordal
tissue from the tails was that of applying gradual pressure with a blunt
instrument in a posterior-anterior direction. With this technique, noto¬
chord sections, free of primary and secondary sheaths, were obtained.
These were placed in fresh solutions of the saline medium until ready for




To avoid possible contamination during culture growth, all mate¬
rials used were sterilized under specific conditions. Instruments pack¬
ed in cannisters and glassware rolled in newspaper were dry sterilized
at a temperature of 170 C for 1 1/2 hr. Culture media and all subsequent
fluids were subjected to steam sterilization in an autoclave for 20 min
at 15 lb of pressure and a temperature of 120 C.
Isolated notochords were cultured in sterile, rimless rack tubes
10x75 mm or Carrel flasks (Cameron, 1950). The culture "set-up”
included a control group for each experimental series. The control
group consisted of notochord tissue approximately 2-5 mm in length
plus 0. 5 ml of modified Holtfreter's solution to which 0. 2 gm of dextrose
had been added as an energy source. The experimental groups con¬
tained 0. 5 ml of modified Holtfreter's solution plus 0. 5 ml of 5, 10,
and 15 mg% aqueous solutions of commercially prepared parathormone
(obtained from Nutritional Biochemicals Corporation, Cleveland, Ohio).
The solubility of the solution was enhanced by placing it on an automatic
shaker for 2 hr in an environment where the temperature did not exceed
37.5 C.
All cultures were incubated for intervals of 24, 48, and 72 hr at
an approximate incubation temperature of 37. 5 C and pH range of 7. 4-
7. 8. At each 24 hr interval. Hanks' cell growth and viability test (Hanks
and Wallace, 1958) was performed, using a 0.15% solution of Bacto-Eosin
12
Y (DE-5) in Holtfreter's solution. According to tests made, the cells
that excluded eosin were seen to be plump and smooth, thus indicating
viability. Those which admitted the dye resembled flattened spheroids
with roughened surfaces typical of necrosis.
Cultures terminated at their respective time intervals were
fixed in 10% buffered formalin, Bouin's or Carnoy's fixatives (Huma-
son, 1962) at their suggested fixation times. Tissues were then washed
according to the fixative used, gradually dehydrated in increasing con¬
centrations of ethyl alcohol solutions, cleared in two separate containers
of xylene, infiltrated with soft and hard paraffin, respectively, at 60 C
and embedded. For light microscopical study, the following stains
were employed; neutral red (Allen, I960) for the detection of cartilage
matrix and mast cell granules; toluidine blue (Lillie, 1929) for the de¬
tection of cartilage, mast cells, and fibrous tissue; Alcian blue (Sted-
man, I960; modified by Mowry, 1956) for acid mucopolysaccharides;
alizarine red-S (Pearse, 1953) for the detection of calcium deposits,
and Delafield's (or Harris') hematoxylin (Humason, 1962) for mitotic




The untreated larval notochord of Rana catesbeiana as seen in
transverse section, is shown in Fig. 1. Microscopical examination of
these sections revealed large vacuolated cells expanding the entire
center, enclosed by peripheral cells with prominent nuclei. This
tissue when cultured in varying concentrations of parathormone and
Holtfreter-dextrose solutions revealed distinct cellular changes. These
changes were exhibited by growth masses of varying densities resem¬
bling chondrogenic activity.
General Histological Observations
Control notochords cultured for 24 hr {Fig. 2) showed no distinct
deviation in development from experimental cultures in 5, 10, and 15
mg% concentrations of parathormone and Holtfreter-dextrose solutions
at the same time interval (Fig. 3). Close observation of these cultures
disclosed no signs of growth or cell degeneration. All cultures showed
normal peripheral cells with large nuclei and inner vacuolated cells
with nuclei often seen pressed against the inner walls. Generally, the
tissues had retained their firm rod-like shape.





Transverse section of untreated notochord showing peripheral
cells (p), vacuolated cells (v), and a vacuolated cell nucleus
(vn). Neutral red. 45x.
Transverse section of control notochord cultured for 24 hr
showing retention of form in peripheral (p) and vacuolated
cell (v). Neutral red. 45x.
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Fig. 3. Transverse section of notochord treated with 15 mg% para¬
thormone solution for 24 hr showing intact peripheral cells
(p) and large vacuolated cells (v) with nuclei (vn). Arrows
indicate granules seen around vacuolated cells. Neutral
red. 45x.
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Fig. 4. Transverse section of notochord treated with 5 mg% para¬
thormone solution for 48 hr showing increased number of
peripheral cells (p), pycnotic nucleus (pn), and vacuolated cell
nucleus (vn) pressed against inner wall. Alcian blue. 45x.
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at the 48 hr interval. In the 5 mg% parathormone and Holtfreter-dex-
trose cultures, an increase in peripheral cells with pycnotic nuclei was
observed (Fig. 4). Vacuolated cell nuclei within the inner walls were
also seen. The 10 mg% parathormone and Holtfreter-dextrose cultures
showed the initial development of chondrogenic activity (Fig. 5). This
activity was seen to be located at a slight distance from the peripheral
area, intervened by large vacuolated cells. Such precartilage sites
contained some cells with nuclei surrounded by a clear cytoplasm.
Other cells within these areas resembled the cells that were normally
found at the periphery, nuclei with little or no cytoplasm. The shape
of the cells varied from round to oblong and appeared to be enclosed by
a loosely knitted network. The density of these growth areas increased
in the 15 mg% concentrations (Fig. 6). Most of the areas in these cul¬
tures were seen to be continuous with the inner peripheral cells. How¬
ever, the cells within this matrix appeared to be shifting toward the cen¬
ter vacuolated cells, with little or no visible cytoplasm surrounding
their nuclei. These nuclei appeared to be scattered at random.
In all instances, the 48 hr controls that contained only the Holt¬
freter-dextrose solution showed no change in development, cell proli¬
feration or deterioration (Fig. 7).
The 72 hr cultures revealed a more expansive growth of the pre¬
cartilage sites. One of several growth areas seen at the periphery of
the 5 mg% parathormone and Holtfreter-dextrose cultures is
17
Fig. 5. Transverse section of notochord treated with 10 mg% para¬
thormone solution for 48 hr showing hyaline area (h)
surrounding nucleus in dense chondroid matrix (cm) and
large vacuolated (v) cells. Arrow indicates granules with¬
in the nucleus. Delafield's hematoxylin. 45x.
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Fig. 6. Transverse section of notochord treated with 15 mg% con¬
centration of parathormone solution for 48 hr showing
dense fibrous intercellular matrix (fm), peripheral cells




Fig. 7. Transverse section of 48 hr control notochord. Alcian blue.
lOx.
^ig. 8. Transverse section of notochord treated with 5 mg% para¬
thormone solution for 72 hr showing distinct extension of
matrix (m), pycnotic nucleus (pn) and vacuolated cells (v).
Arrow indicates area containing no peripheral cells. Neutral
red. 45x.
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represented by Fig. 8. Nuclei within chondrocytic sites appeared
randomally aligned with complete loss of cytoplasm. Pycnotic nuclei
were observed at the periphery as well as within the chondroid mass.
Cellular migration appeared to be directed toward the center of the
notochord, with the extension of a dense interstitial matrix. This fig¬
ure also revealed a decrease in the number of peripheral cells, which
might suggest a possible origin of these growth areas. However, a
distinct separation between developed chondrocytes and peripheral cells
was shown in the 10 mg% parathormone cultures (Figs; 9, 10). These
chondroid masses were clearly separated by peripheral cells and several
vacuolated cells. The masses themselves appeared to have replaced the
vacuolated cells that were normally found in this region. Within the dif¬
ferentiated sites were seen several nuclei that appeared to be closely
knitted by a dense interstitial matrix of fibers.
A more striking expansion of these chondroid masses was revealed
in the notochords that were treated with 15 mg% of the parathormone solu¬
tion. Figures 11 and 12 expose an outer surface area of the tissue that
was completely covered by this mass. The growth, however, was not
continuous around the entire notochord. Growth appeared to be directed
from peripheral toward the inner vacuolated area that showed no dis¬
tinct separation from the periphery. The entire mass seemed to be
integrated with the vacuolated cells. Cell shape varied from round,
largely nucleated, typical of those normally found at the peripheral, to
21
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Fig. 9. Transverse section of notochord treated with 10 mg% para¬
thormone solution for 72 hr showing dense chondroid mass
(ch), peripheral cells (p), fibrous matrix (fm) and vacuolated
cells (v). Toluidine blue. 45x
Fig. 10. Transverse section of notochord treated with 10 mg% para¬
thormone solution for 72 hr showing a distinct fibrous (f)
network enclosing precartilage cells (pc). Toluidine blue.
lOOx.
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Fig. 11. Transverse section of notochord treated with 15 mg% para¬
thormone solution for 72 hr showing extensive outer surface
growth (sg). Alcian blue. lOx.
Fig. 12. Transverse section of notochord cultured with 15 mg%
parathormone solution for 72 hr showing chondroid growth
with dense matrix (dm). Arrow indicates high stain con¬
centration. Alcian blue. 45x.
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oblong.
Control notochord cultures with Holtfreter-dextrose solution at
72 hr (Fig. 13) showed no signs of additional growth or degeneration.
Typical peripheral cells surrounding large vacuolated cells appeared
very distinct.
Specific Histological Observations
The untreated notochord sections stained differentially with neutral
red. The nucleus stained a distinct blue. The cytoplasmic matrix and
vacuolated cell granules stained a faint red (Fig. 1). The major pur¬
pose for histologically staining with neutral red was for the basic differ¬
entiation of nuclei and cytoplasm. In several sections, light red compact
granules were seen outlining the vacuolated cells (Fig. 2). When used in
the experimental cultures, this stain exhibited a deep red color that ex¬
posed the dense net-like matrix often found around the cells seen in the
areas of chondrogenic activity (Fig. 8). According to Allen (I960), this
red color was the differential hue for the detection of cartilage matrix.
However, the deep red color was not consistent throughout all of the 5
mg% 72 hr cultures. The color within this group ranged from a light pink
to a deep red.
Toluidine blue, a basic metachromatic stain for cartilage matrix,
revealed distinctly, massive chondrocytic nuclei often seen in differen¬
tiated sites of vacuolated cells. Sections treated with 10 mg% parathormone
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Fig, 13. Transverse section of control notochord at 72 hr
showing vacuolated cells (v) and peripheral cells (p).
Toluidine blue, 45x,
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and Holtfreter-dextrose solutions for 72 hr, showed a change in the
color of nuclei from blue to reddish-purple (Figs. 9, 10). This change
was not evident in the control cultures of Holtfreter-dextnose at 72
hr (Fig. 13). The results of this stain coincided with its proposed
degree of tissue specificity.
Another tissue-specific staining technique employed was that of
Alcian blue. This stain with its affinity for acid mucopolysaccharides
was greatly exhibited in the 15 mg% parathormone and Holtfreter-dex¬
trose cultures at 72 hr (Figs. 11, 12). The entire matrix surrounding
this massive peripheral growth showed blue-green deposits of granules
around the areas where these cells were closely knitted. Nuclei appear¬
ed reddish-brown. Not only was this activity observed in other para¬
thormone concentrations (Fig. 4), but also in the control groups at the
same time interval (Fig. 7).
In an attempt to substantiate chondrogenic activity with possible
calcium deposition by the hormone, the stain alizarine red-S was used.
During the entire experimental procedure, only one case of high calcium
deposition, as distinguished from other experimental and control groups,
was revealed. This case appeared in the 48 hr cultures of the 15 mg%
parathormone and Holtfreter-dextrose solutions (Fig. 6). These exhibit¬
ed an orange-red color of the intercellular network of fibers showing
their heterogenous alignment. Nuclei stained blue.
Occasional mitotic activity was observed in several of the
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experimental cultures. Ten milligram percent parathormone and Holt-
freter-dextrose cultures at 48 hr, stained with Delafield's hematoxylin
(Fig. 5), showed slightly discernible granules within the nucleus. The
nuclei stained light blue, with the cytoplasm and interstitial matrix
stained reddish-brown. The overall detection of mitotic activity with
this stain was not at all easily distinguishable.
CHAPTER V
DISCUSSION AND CONCLUSIONS
Larval notochords of Rana catesbeiaaa, when cultured in the
presence of parathormone extract, exhibited varying degrees of
cellular changes. In a general sense, these changes within the noto¬
chord were co-existant with the incubation time and concentrations
of the extract.
Isolated from the spinal cord, somites, and its sheaths, the
notochord revealed distinct transformation of its tissue into sites
characteristic of chondrogenesis. Balinsky (1961) described the carti¬
laginous development of the axial skeleton in vertebrates. It s origin
was attributed to sclerotomal cells of somites being changed into mesen¬
chyme and spreading out as a sheath around the notochord. Subsequent¬
ly, cartilaginous rods migrated inwardly, engulfing the notochord. Impli¬
cations of the notochord's role in this developing system were made from
similar descriptions in other investigations.
Kitchen (1949), Holtzer, and Detwiler (1953), and Holtzer, Holtzer,
and Avery (1955) in previous investigations of notochords with attached
sheaths, established its inductJSre activity for stimulating and localiz¬
ing cartilage. However, no reference to the type of cartilage found was
made. In a more specific analysis, Holtzer (1961) and Lash, Holtzer,
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and Holtzer (1957) concluded that the notochord in the absence of its
sheaths was not able to perform this task; that the inducing factor was
present only in the sheaths.
Contrary to these findings, this investigation was able to show
highly developed chondrogenic areas in the notochord when freed of
its sheaths. This was indicative to a potential being present in the
notochord, not its sheaths. However, this does not exclude the possi¬
bility of the differentiating factor being passed from the sheaths prior
to extirpation, nor does it exclude the possibility of the determinants
being contained in the notochord originally and then received by the
sheaths. Whatever the sequential pattern is, its presence in the noto¬
chord itself became apparent in the presence of parathormone. In this
study, maximum density of the interstitial matrix of the chondrogenic
areas corresponded to minimum concentrations of parathormone solu¬
tions. Maximum concentration, in contrast, revealed more areas of
chondrogenic activity. This gradient did not deviate from the expected
activity of hormones when compared in concentrations. The maximum
concentration did not at all times reflect maximum activity.
The cells embedded in the chondroid matrix were spherical as
well as oblong. The nuclei of these cells at most times filled the cells
that they occupied. At other times, clear layers were found around the
nuclei (capsxiles). Occasionally, cytoplasmic extensions into the fibrous
matrix were seen. According to Bloom and Fawcett (1962) and Holtzer
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(1961), these were general characteristics of hyaline cartilage. In
adult cells, they were usually gathered into compact groups, irregu¬
larly placed, rounded or stretched into columns.
In other cases, the interstitial substance differed from that des¬
cribing hyaline cartilage. There were frequently present, branching
fibers which represented the characterization of elastic cartilage. It
was assumed that this matrix resulted from the secretion of the carti¬
lage cells. It ultimately made up the ground substance. These depos¬
its eventually became buried by their own activities when mitosis
ceased. When tissue resembling different cartilage types was des¬
cribed, it was sometimes referred to as "pseudo-cartilage" or "chon-
droid mass", similar to that comprising the notochords of vertebrates.
These observations, described by Arey (1965), supported the results
found in this investigation. Also, in accordance with these findings,
Cheevers (1967) reported the occurrence of intense chondrogenic activ¬
ity in the vacuolated cells of notochords treated with the potassium thio-
cynate ion. The cells within these areas were described as having lost
their vacuolation and cytoplasm, thus becoming fused and integrated to
form a chondroid mass with nuclei scattered at random.
The ability of parathormone extract to initiate transformation of
notochord tissue into chondrocytes depicted its ability to "trigger" cellu¬
lar changes. The mechanism of this action was attributed to its role
in calcium deposition as revealed by the alizarine red-S differential
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staining technique. Pearse (1953) regarded the test to be sufficiently
specific for the detection of calcium phosphates and calcium carbonates
in human and animal hypophysis. Another contributing mechanism was
the detection of acid mucopolysaccharides that were also seen in the
areas of chondrogenesis. According to Allen (I960), substances colored
metachromatically, such as the matrix of cartilage and the granules
of mast cells, retained toluidine blue with greater tenacity than any¬
thing else in the tissue.
Other effects noted, were an increase in peripheral cells and
pycnosis of their nuclei. Since pycnosis of nuclei has been suggested
as a criterion for cellular senescence (but the only factor indicative of
this in the present investigation), it was in no way in agreement with the
overall activity of these cultures.
The effect of parathormone on Rana catesbeiana larval notochords
showed that not only did the hormone have the ability to induce cellular
transformation, but that when applied in varying concentrations had the
necessary stimulant to cause differentiation of the notochord into carti¬
laginous tissue. On the other hand, in order for the hormone to initiate
this response, the potential had to be present in then notochord itself.
CHAPTER VI
SUMMARY
1. Rana catesbeiana larval notochords were cultured in Holtfreter-
dextrose solutions and 5, 10, and 15 mg% concentrations of
parathormone for 24, 48, and 72 hr.
2. All control cultures retained their firm rod-like structure with
components intact. There was no observed cell proliferation or
degeneration.
3. Experimental cultures showed an increase in peripheral cell
number and condensation of their nuclei.
4. Transformation of notochordal cells into precartilage was exhibited
only in the experimental cultures.
5. Cartilaginous areas showed a dense interstitial matrix enclosing
chondrocytes of varying shapes. Fibers within matrixes were
heterogeneously aligned.
6. Calcium deposits were seen concentrated in the areas of maximum
chondrogenic activity.
7. This investigation indicated the presence of a potential within the
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